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Abstract 

The industrialised nations represent 20% of the world popula- 
tion, but cause 75% of global greenhouse gas emissions. While 
developing nations can more or less remain where they are, 
industrialised nations need to reduce emissions by 85% in order 
to achieve sustainability and provide everyone with an equi- 
table share of the global greenhouse gas "budget." Such reduc- 
tions have drastic bearings on lifestyles. While adults may find 
it hard to deal with changes, students seem more accepting, but 
may not have the skills to critique complex arguments, or the 
understanding necessary to make sustainable lifestyle choices. 
This paper describes a large-scale teacher development pro- 
gram, and a personal greenhouse gas calculator and supporting 
teacher and student resources that have been included in the 
program as a major component. 

Resume 

Les pays industrialises representent 20 % de la population 
mondiale, mais ils sont responsables de 75 % des emissions de 
gaz a effet de serre. Tandis que la situation des pays en 
developpement pent plus ou moins demeuree la meme, les pays 
industrialises doivent reduire leurs emissions de 85 % afin 
d'atteindre a la durabilite et d'assurer a chacun une part 
equitable du « budget » planetaire des gaz a effet de serre. De 
telles reductions ont une influence considerable sur les styles de 
vie. Les adultes peuvent eprouver de la difficulte a s'adapter. 

Les eleves semblent plus resignes, mais ils n'ont peut-etre pas 
les competences voulues pour critiquer des arguments 
complexes ou la comprehension necessaire pour faire des choix 
de styles de vie durables. Ce document decrit en premier lieu un 
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programme de perfectiormement des enseignants a grande 
echelle et deuxiemement un calculateur personnel des gaz a 
effet de serre et des ressources a I'appui, a I'intention des 
enseignants et des eleves, qui constituent une composante 
majeure du programme. 


Climate change is one of the most pressing environmental problems today. 
Because of ifs long-ferm effecfs, it could bear drastic consequences for 
fufure generations. The education of yoimg people therefore plays a crucial 
role in grappling with the problem of reducing greenhouse gas emissions. 
If is maybe fhe global and fherefore absfracf nafure of climafe change, 
which explains fhe lack of effective abafemenf by fhe main confribufors — 
people in indusfrialised counfries. To complicafe matters, climafe change 
is also linked fo fhe problem of fhe considerable inequify befween indus- 
frialised and developing counfries. Environmenfal education needs, fhere- 
fore, fo concenfrafe on relating fhese global and absfracf issues fo sfu- 
denfs' personal spheres, in ofher words, their lifestyles. 

An educational tool that can link climate change with lifestyles is a per- 
sonal greenhouse gas calculator. Because it can be facilitated in the classroom 
by using technological means such as electronic worksheets, it is ideally suit- 
ed for inclusion in fhe New Soufh Wales Deparfmenf of Educafion and 
Training's fechnology in learning and feaching (TILT) Plus feacher devel- 
opmenf program. 

The TILT Plus program, fhe design and implemenfafion of fhe green- 
house gas calculator, and firsf experiences of ifs use are fhe subjecf of fhis 
arficle, which is organised in fhree parfs: 

• Parf one presenfs fhe TILT Plus Science program. TILT Plus Science pro- 
vides a confexf in which fo address fhe issue of climafe change in 
relafion fo sfudenfs' lived experiences. If provides teachers wifh an 
imdersfanding of critical literacy so fhaf fhey can assist students to cri- 
tique complex texts dealing with climate change. 

• Part two first discusses climate change in terms of equify and sus- 
fainabilify in a global confexf, illusfrafing fhe complex issues with 
which students are asked to grapple. It focuses on fwo aspecfs fhaf are 
often nof faughf in fhe confexf of climafe change: fhe Norfh-Soufh 
issue and consumerism. Second, if is shown how fhese aspecfs can be 
incorporated info an educational fool: a personal greenhouse gas cal- 
culafor. 
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• Part three describes the inclusion of the personal greenhouse gas cal- 
culator in the TILT Plus Science program in order to assist students and 
teachers in understanding their own contribution to greenhouse gas 
emissions and to make national comparisons while providing activities 
and discussion topics to make global and abstract concepts more 
accessible to classroom life. 


The TILT Plus Program 


The Technology in Learning and Teaching (TILT) Plus program is a New 
Soufh Wales Sfafe Labor Governmenf initiative (1999-2003). It builds on the 
successful TILT program (1995-1999), which won sfafe and federal awards 
for ifs framing of 15,000 feachers in basic compufer skills and classroom uses 
of compufer fechnology (Murray, 2000). TILT Plus is being provided for up 
fo 15,000 feachers, school executive and specialisf supporf sfaff who are 
more contidenf in fhe use of fechnology. If provides a number of options fo 
supporf a range of needs. One of fhese options is fhe TILT Plus Science pro- 
gram which is available fo New Soufh Wales science feachers. 

The consulfafive developmenf process adopfed by TILT Plus is a cru- 
cial element in the program's acceptance and hence its adoption by teach- 
ers. The structure and content of fhe whole program emerged ouf of a two- 
day meeting of represenfafives of TILT parficipanfs and facilifafors, school 
disfiicfs and sfafe office, parenf and principal organisations, and feacher pro- 
fessional associations who considered suggestions from over 5000 TILT par- 
ticipanfs collecfed as parf of fhe ongoing evaluation of TILT (New Soufh 
Wales Training and Developmenf Direcforafe, 1995-1999). Individual TILT 
Plus programs (e.g., Mafhemafics, Science, Computing, History) were 
fhen developed by feachers identified as exceptional practitioners working 
wifh fhe Deparfmenf of Education and Training's subjecf consulfanfs and 
members of fhe TILT feam. In Semesfer 1, 2000 TILT Plus Science was 
pilofed by 60 feachers in 10 of fhe sfafe's 40 school disfricfs. Piloting was fol- 
lowed by an evaluation meeting and some re-writing in response to teacher 
and workshop leader feedback. In Semesfer 2, 2000 if was furfher pilofed 
by 79 feachers in 18 disfricfs. Since February, 2001 the program has been 
available statewide. 

TILT Plus Science is a 30 hour program over one semester. The program 
includes a video showing good classroom practice, a folder confaining 
workshop maferials and parficipanf learning journal, a CD-ROM con- 
faining supporf maferials and resources, and a web sife wifh parficipanf 
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communication and resource sharing facilities (http:/ /www.- 
tdd.nsw.edu.au/ tilt /training/ tiltplus/ index.htm). Teachers participate 
in four workshops supporfed by a framed workshop leader. In addifion 
fhey are provided wifh fwo relief days during which fime fhey may invife 
fhe workshop leader fo work with them in their own school on a one to one 
or small group basis. In this way the program can be tailored to meet the 
needs of individual parficipanfs. 

Helping teachers to help students understand and evaluate (multi)media texts 

The TILT Plus Science workshops consisf of a core componenf providing an 
acfion learning /acf ion research framework (Dick, 1997) and an infroduc- 
fion fo consfrucfivisf learning and feaching fheory (Murphy, 1997). This is 
followed by a componenf dealing wifh informafion skills and fhe infernef 
in which feachers learn infernef search sfrafegies, an informafion skills 
process (defining, locating and selecting informafion) and fhe application 
of critical Uferacy sfrafegies fo infernef fexfs. This componenf is an abridged 
version of fhe online program Nef Refurns Online (hffp://- 
www.fdc.nsw.edu.au/nefrefurns.hfm) based on fhe publication Making fhe 
Nef Refurns Worfhwhile: Informafion Skills and fhe Infernef (Deparfmenf 
of Employmenf, Education, and Training, 1996). 

Both the information skills component of TILT Plus and Net Returns 
Online grew ouf of fhe need for an exfension of fhe concepfs of critical lif- 
er acy fo cover mulfimedia fexfs. Crifical lifer acy, once fhe province of 
Media Sfudies feachers, was more widely adopfed in Ausfralia in fhe 
1990s fhrough fhe work of Comber (1993) Luke, O'Brien and Comber 
(1994) and Lankshear (1994). If provides sfrafegies for feachers fo assisf sfu- 
denfs in inferrogafing facfual fexfs. In fhe confexf of fhe TILT Plus Science 
program fhese sfrafegies can be applied fo fexfs dealing wifh climafe 
change. Crifical liferacy poses such questions as: 

• Who published fhis fexf? 

• Whaf is fheir aufhorify? 

• How currenf is fhe informafion? 

• Whaf is fhe purpose of fhe fexf? 

• Who is fhe infended audience? 

• How does if posifion me, fhe reader?, and 

• Whaf is ifs bias? 

These questions have been complemenfed by ofher questions such as: 
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• what does the URL tell me? 

• How do I determine the credentials, qualifications and expertise of fhe 
aufhor? 

• Whaf links are provided? 

• Where do fhey lead me? 

• For whaf purpose?, and 

• How do I check fhe accuracy of fhis maferial? 

Feedback from Net Returns Online, which has been rurming since 1997 
wifh a complefion rafe of 85% indicafes fhaf feachers recognise a need for 
fhese skills in an infernef environmenf. An in depfh undersfanding of 
how fexfs work enables feachers fo help sfudenfs fo undersfand and eval- 
uafe complex media fexfs dealing wifh issues of climafe change. If sfudenfs 
are fo become discerning users of informafion wifh fhe skills necessary fo 
locafe, selecf, and crifique informafion delivered via confinually more 
complex and infrusive informafion sysfems then such programs are essen- 
tial for feachers. 

Sfudenfs need sophisficafed liferacy skills fo be able fo uncover fhe equi- 
fy and lifesfyle issues embedded in fhe climafe change liferafure. Wifhouf 
fhis abilify fhe argumenfs ouflined below may well remain blurred wifh- 
in fhe rhetoric of organisations with a vested interest in presenting only one 
side of fhe picfure. 

Equity and sustainability in the context of climate change 

The Infergovernmenfal Panel on Climafe Change (IPCC) has acknowl- 
edged fhaf "fhe balance of evidence suggesfs a discernible human influence 
on fhe global climafe" (IPCC, 1995). Climafe change is now considered fo 
be one of the most serious threats to the environment (Watson, Zinyowera, 
& Moss, 1996). Models suggest that a stabilisation of afmospheric CO 2 
concenfrafions af today's level can only be achieved fhrough a reduction in 
nef emissions by more fhan 50% in fhe nexf 40 years and furfher reductions 
fhereaffer. Even fhen, a global sea level rise of more fhan 25 cm musf be 
expected over fhe nexf 100 years (Houghton, Meira Filho, Griggs, & 
Maskell, 1997). 

The wealfhy 20% of fhe world's population causes abouf fhree-quarfers 
of fhe global greenhouse gas emissions. Average per-capifa emissions in 
Norfh America, Ausfralia, Europe or Japan are abouf fen times higher 
fhan fhose in Soufh Asia or China (United Nations, 1996). The key factor for 
fhe level, disfribufion, and increase of global greenhouse gas emissions and 
for environmenfal degradation in general is fhe increasing maferial sfandard 
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of living in the industrialised world (World Commission on Environment 
and Development, 1987). The influence of population growth in the devel- 
oping world on emissions is at present considerably lower (Parikh, 1996). 
Paradoxically, while the "South's" population issues have been the subject 
of international negotiations on climate change, the "North's" unsustain- 
able and unfair consumption has never been adequately acknowledged 
(Parikh & Painuly 1994). Moreover, participation in climate change research 
and discussions is heavily skewed in favour of Northern institutions, 
resulting in Southern participants perceiving negotiations to revolve 
around Northern interests and policy positions (Hyder, 1992; Kandlikar & 
Sagar, 1999). It is therefore not surprising that the wealthy North is being 
accused of appropriating yet another global commons and thus exercising 
environmental colonialism (Agarwal & Narain, 1991). 

In contrast, apportioning the same right to emit to everybody on the 
planet and at the same time reducing emissions by 50% yields an equitable 
and sustainable greenhouse gas "budget" of about 3.5 tonnes of carbon 
dioxide equivalents per capita (t C02-e/cap; see Lenzen, 1997; Byrne, 
Wang, Lee, & Kim, 1998). In order to achieve international equity and 
sustainability, industrialised nations need to reduce emissions by about 85%, 
while developing nations can more or less remain at the present levels. Even 
more drastic reductions would be required under intergenerational equi- 
ty, where industrialised nations are held accountable for cumulative his- 
torical emissions (Den Elzen, Janssen, Rotmans, Swart, & De Vries, 1992; 
Neumayer, 2000). 

Linking lifestyles with responsibility for equitable and sustainable emissions 

"Many in the South feel that climate change is an issue of lifestyles" 
(Kandlikar & Sagar, 1999, p. 131). In order to support the life of an average 
Australian, for example, about 25 t C02-e are emitted annually, which is 
more than 7 times the equitable and sustainable level (Lenzen & Smith, 
2000). About 20% of these emissions are caused by household energy and 
private car use, while the remaining 80% are required for the provision of 
consumer goods, and commercial and public services (Lenzen & Smith, 
2000). In most industrialised countries, emissions are mainly driven by 
income growth (Melanie, Phillips, & Tormey, 1994; Hamilton & Turton, 
1999). The latter, along with increasing women's participation in the work- 
force, influences lifestyle choices such as family size, home type, floor 
space and location, comfort through appliance ownership, mobility through 
car ownership, out-of-home leisure, and holiday travel. These choices 
affect greenhouse gas emissions from households as well as from the 
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transportation, manufacturing, and commercial services sectors in a 
stronger way than energy efficiency measures or fuel mix changes 
(Schipper, 1998). 

Despife fhe facf fhaf lifesfyles play a key role for inequify and unsus- 
fainabilify of greenhouse gas emissions, fhey are offen not addressed in 
information and education materials. Most school resources published in 
the Australian states of New Soufh Wales and Victoria, for example, do nof 
mention goods and services consumption at all (Lenzen & Smith, 2000). As 
a consequence, only household energy and private car usage are com- 
monly perceived by Australians as areas of individual responsibilify 
(Stokes, Lindsay, Marinopoulos, Treloar, & Wescoff, 1994; Ausfralian Bureau 
of Sfafistics, 1997). As a resulf, effecfive means of reducing greenhouse gas 
emissions fhrough individual action such as sharing or borrowing house- 
hold items, buying second-hand, or engaging in low resource-use activities, 
are foregone. 

Lifesfyle changes can effectively complemenf political and technolog- 
ical abafemenf measures fhaf, on their own, do not seem to be achieving 
equity and sustainability (Trainer, 1997). Individual awareness and concern 
are a prerequisite for, buf do nof necessarily lead to such changes. Trusf in 
information sources, instifufional and infrasfrucfural supporf, response 
knowledge, and belief in fhe efficacy of pro-environmenfal behaviour are 
only a few of fhe condifions for tianslafing awareness info corresponding 
action (Eden, 1993; Kempfon, 1993; Harrison, Burgess, & Filius, 1996; 
Hinchliffe, 1996). Moreover, while promoting lifesfyle changes has proven 
successful in cases where alternative, environmenfally friendly producfs are 
available (for example ozone depletion), climafe change is posing greater 
barriers fo consumer acfion, because if requires "refhinking [how fo] 
achieve life satisfaction and express one's social sfafus and personal worfh" 
(Kempfon, 1993, p. 236). 

While adulfs in general may be lacking in faking overf acfion for fhe 
environmenf, current research suggests that younger people are more 
likely to be more accepting of radical changes. A survey of Soufh Ausfralian 
school sfudenfs showed fhaf only abouf 20% fhoughf fhaf "fhe only way fo 
solve environmenfal problems is fhrough scienfific and fechnological 
means," buf more fhan 80% believed fhaf "fhe ultimafe solufion for envi- 
ronmenfal problems depends on drastic changes in our life-sfyle" (Worsley 
& Skrzypiec, 1998, p. 215). 
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A comprehensive personal greenhouse gas calculator for the classroom 

Educators can assist value shifts by demonstrating the relevance of lifesfyle 
choices for greenhouse gas emissions. A simple yef powerful means fo link 
fhe global problem of climafe change wifh elemenfs of individual lives is 
fhe idea of a personal greenhouse gas budgef. Assessing personal emissions 
and comparing fhese wifh fhe previously infroduced equifable and sus- 
fainable level of 3.5 f C02-e per year can be enlighfening and if questions, 
who is acfually willing fo make fhe changes fhaf a rigorous policy would 
enfail (Proops, Faber, & Wagenhals, 1993). 

There are existing greenhouse "savers" or "scorecards," which affempf 
fo assess fhe greenhouse gas responsibilify of individuals, buf fhey con- 
cenfrafe mosfly on household energy and fhe privafe car, fhus ignoring 
goods and services consumpfion (Lenzen, 2001). An early buf excellenf 
example for a comprehensive greenhouse gas calculator is fhe personal CO 2 
questionnaire of fhe Akfion KUmaschufz in Zurich, Swifzerland (Hofsfeffer, 
1992), which accounfs for direcf as well as all embodied CO 2 emissions. If 
shows fhaf, in Swifzerland, abouf 50-60% of personal CO 2 emissions are 
embodied in goods and services, including food. This porfion is lower 
fhan in Ausfralia (80%), because of fhe relatively high direcf emissions due 
fo space heafing in Swiss buildings. This quesfionnaire sfafes an equifable 
and susfainable armual emissions fargef of 2 f CO 2 I ceep, and provides a lisf 
of per-capifa emissions in ofher counfries. Experiences wifh an elecfronic 
version of fhe quesfionnaire have been documenfed by Schlumpf, 
Behringer, Diirrenberger and Pahl-Wosfl (1999). If was formd fhaf users were 
readily able fo operate fhe calculator wifhouf longer technical explanations. 
However, fhey felf fhaf accompanying background information abouf cli- 
mafe change was essenfial. Imporfanf feafures were fhaf fhe calculafor 
"sfrongly helped citizens fo link fhe absfracf topic of CO 2 emissions and cli- 
mafe change fo fheir living-world realities," and fhaf "comparisons triggered 
interesting discussions and insights" (p. 9). 

Based on the Swiss example, a comprehensive personal greenhouse gas 
calculator in the form of an elecfronic spreadsheef was developed for 
Ausfralia. Ifs design closely adheres fo fhe following guidelines obfained 
from recenf sfudies of consumer behaviour (De Young, 1996; Brown & 
Cameron, 2000), and from experiences wifh an environmenfal household 
accounf projecf (Lund, 1998) and wifh existing consumer guides (Schlumpf, 
ef ak, 1999; Mackay & Proberf, 2000): 
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• It is easily accessible (http: / / www.physics.usyd. edu.au /apphys/- 
greenhouse/ greenhouse.html, downloadable files). 

• It contains a short, easy-to-handle personal budget sheet (Figure 1), 
which provides direct feedback fhrough insfanfaneous budget re-cal- 
culation after each change of enfry. 

• If confains a normafive parf (equify and sustainabilify) and sfafes a 
benchmark (3.5 t C02-e). 

• If confains comparisons and graphical presenfafions (Figs. 2 and 3). 

• If confains a shorf, easy-fo-read explanation of the problem and its 
importance, strategies for action, and a reference for furfher informa- 
tion (Figure 4). 

• The normative part and action strategies foster pro-environmental 
values by referencing fo social norms (fairness, conservafion) and by 
promoting a creafive life insfead of earning and consuming, or low 
resource-use instead of high resource-use acfivifies. 

• It suggests classroom debates and activities that raise the issues of 
qualify of life and consumption and help sfudenfs to make comparisons 
(through research and direct contact with students in other countries) 
and informed choices abouf local action (Figure 5). 

• It motivates reduced consumption through intrinsic satisfaction. This 
satisfaction is broughf abouf by direcf participation, fhaf is, in allowing 
users fo find their own areas, reasons, and procedures for conserving 
behaviour, and fo become inferesfed in the task and challenged by the 
benchmark. 

• It underwent an independent peer review and was "test-run" by non- 
academic users. 

The main task of fhe calculator is fo franslafe lifesfyles info greenhouse gas 
emissions. This can be achieved by mulfiplying amounfs of personal con- 
sumption of various items wifh corresponding "greenhouse prices," thus 
arriving at personal emissions. These calculations are presented in the 
form of an aufomafically updated spreadsheet with boxes for user enfries 
(Figure 1). Greenhouse prices for fhe consumer items such as food, con- 
ventional elecfridty gas, goods and services were derived from Lenzen and 
Murray (2001), organic wasfe from Environmenf Ausfralia (1997), renew- 
able energy from Lenzen (1999a), fransporf from Lenzen (1999b), and frees 
from fhe Ausfralian Academy of Science (1995). Average Ausfralian emis- 
sions were calculated from fhese greenhouse prices and consumpfion dafa 
in fhe Ausfralian Household Expendifure Survey (Ausfralian Bureau of 
Sfafistics, 1995). 
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Figure 1. Budget worksheet of the personal greenhouse gas calculator. All figures are valid for 1995. The amounfs 

enfered represenf fhe consumpfion of one of fhe aufhors. 
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Figure 2. Worksheet "Australian comparison. 
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Figure 3. Worksheet "Global comparison. 
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Figure 4. Worksheet "More information. 
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Figure 5. Worksheet "Classroom activities. 


Decisions had to be made with regard to consumption units. In the case of 
household energy, physical units (kWh and MJ) were chosen, because 
they appear on most of consumers' bills and are a better proxy for emissions 
fhan cosf. Privafe car usage was expressed in vehicle-km rafher fhan pas- 
senger-km in order fo enable users fo allow for differenf occupancies. 
Finally, fhe greenhouse price of beef producfs is an average over domesti- 
cally consumed and exporfed beef. Even fhough currenf land clearing 
occurs predominanfly for exporfs, no distinction was made in fhe calcula- 
tor, because if was feared fhaf a low greenhouse price for domestically con- 
sumed beef would draw attention away from fhe immense degradation and 
biodiversity loss caused for Ausfralia's environmenf by land clearing for caf- 
fle grazing (Glanznig, 1995). 

A firsf version of fhe calculafor was frialed in a fwo-page handouf 
(budgef and information sheefs only) on World Susfainable Energy Day on 
4 March 1999 during a renewable energy exhibition even! af Sydney Town 
Hall. Mosf people infroduced fo fhe handouf af fhe School of Physics 
informafion sfall felf in some way responsible for emissions fhaf were 
caused because of fheir goods and services consumpfion, a facf which 
mofivafed furfher developmenf. Firsf, commenfs and suggestions from 
inferesfed readers were received in response fo a submission of fhe calcu- 
lafor fo a Senafe Inquiry info Ausfralia's response fo global warming 
(Senate, 2000a, 2000b), and following newspaper articles (Crabb, 2000). The 
calculafor was fhen frialed once more, fhis time in form of an elecfronic 
worksheef, by abouf 90 3rd-year universify sfudenfs enrolled in fhe 
Environmenfal Science Graduafe Diploma course af fhe Universify of 
Sydney. Af fhe same time, if was considered for inclusion in fhe New Soufh 
Wales Deparfmenf of Education and Training's TILT Plus Science feacher 
developmenf program as an imporfanf area for feacher invesfigafion. 


First Experiences: Getting Beneath the Surface 

The TILT Plus Science program developers requested that an electronic ver- 
sion of fhe personal greenhouse gas calculafor be made available on fhe 
Infernef (http: / / www.physics.usyd.edu.au / apphys / greenhouse / green- 
house.hfml) as downloadable files for various fypes of compufers. The site 
has so far had 988 visifors. Use of fhe calculafor was fhen wriffen info fhe 
TILT Plus Science workshop maferials as an example of fechnology use in 
fhe Science classroom. Feedback from workshop leaders and fhose feach- 
ers who chose fo work wifh fhe greenhouse gas budgef calculafor in 
semesfer 1, 2000 was incorporated info furfher developmenf of fhe sife. In 
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addition teachers requested resources to support the larger debate of 
"quality of life" so fhaf sfudenfs could undersfand fhe kinds of choices fhaf 
Ufesfyle changes implied. A link was added fo Eckersley (2000) fo help facil- 
ifafe fhis discussion. Teachers also requesfed more supporf in assisfing 
sfudenfs fo come fo fheir own realisafions of fhe consequences of climafe 
change and fheir own parficipation in fhe process. They suggesfed class and 
group activities fo add fo fhe web sife's lisf of possible personal responses 
fo fhe issue of climafe change (Figure 4). Teachers felf if was imporfanf for 
sfudenfs fo know fhaf fhey could fake acfion and make a difference espe- 
cially in fhe lighf of a nafional opinion poll of 800 young Ausfralians indi- 
cafing fhaf 63% expecfed fhe year 2010 fo bring "a fasf-paced, inferna- 
tionally compefifive sociefy, wifh fhe emphasis on fhe individual, wealfh 
generation and enjoying fhe 'good life'" even fhough 81% would prefer "a 
'greener' [living in harmony wifh fhe environmenf, including greafer use 
of alfernafive and renewable resources], more sfable sociefy, where fhe 
emphasis is on cooperafion, communify and family, more equal disfribu- 
tion of wealfh, and greafer economic self-sufficiency" (Eckersley, 1999, p. 79). 
As a resulf, in consulfafion with teachers, some suggested activities were 
added to the calculator in a separate "Classroom Activities" worksheet (see 
Figure 5). 

An understanding of fhe issues involved in adopfing changes fo a 
personal greenhouse gas budgef is an imporfanf parf of fhe fofal change 
process. These ideas for class discussion, projecfs, debafes and activities pro- 
vide opporfunifies for sfudenfs fo fake confrol of fheir learning, and come 
fo personal, in-depfh undersfandings of complex global issues. Sfudenfs are 
helped fo realise fhaf climafe change is nof an absfracf concepf. For exam- 
ple in stimulating links between students in the developed and developing 
world, and in addressing facets of daily lives, fhe classroom activities 
achieve a linking of fhe questions of lifesfyles wifh fhe problem of global 
inequify which expresses ifself in confributions fo climafe change. Anyfhing 
less fhan an immersion in fhe emofions (by building relationships) as well 
as fhe infellecf (fhrough reading, reflecfion and discussion) is compromis- 
ing learning and selling sfudenfs shorf (see for example Gibb, 1996; 
LeDoux, 1994; and Sylwesfer, 1995 for a discussion of fhe role of emo- 
tions in learning). Anyfhing less will leave sfudenfs wifhouf fhe necessary 
argumenfs for a susfained and infelligenf approach fo whaf will cerfainly 
become a major issue of fheir generation. 
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Conclusions 


Long-term partnerships between teachers, students, academics, educa- 
tion systems and parent groups are crucial to the success of projects like the 
one above. Programs that address the issue of climafe change and fhe 
notion of a personal greenhouse gas budgef need fo be developed wifh 
feachers and sfudenfs rafher fhan imposed on fhem if fhere is fo be any 
chance of fheir being implemenfed in fhe classroom and carried forward 
info sfudenfs' individual action and lifesfyle choices. Teacher develop- 
menf programs need fo have inbuilf feedback mechanisms (as above) so fhat 
fhey can be consfanfly adjusfed and improved and feachers need fo be con- 
fidenf fhaf fhey will be lisfened fo (TILT was evaluafed by parficipanfs each 
semesfer and changes were regularly made fo fhe program). Parfnerships 
made up of those who are concerned about the issue of climafe change and 
opfimisfic abouf franslafing awareness and concern info acfion fhaf can 
make a difference need fo seek ouf long-ferm, mainsfream avenues for 
embedding fhe necessary skills and sfrafegies in fhe education of school sfu- 
denfs. Ongoing moniforing of fhe impacf of fhe program will reveal if 
TILT Plus Science is making a difference in sfudenf learning. We are opti- 
mistic fhaf fhe ongoing monitoring of climafe change will indicate fhaf edu- 
cafing our sfudenfs abouf climafe change makes a difference fo fhe life of 
our planet and ultimately to the lives of all of us. 


Notes on Contributors 

Manfred Lenzen grew up in fhe Rhineland, Germany, and sfudied physics 
in Bonn. After complefing a Ph.D. he sfarfed working af fhe Universify of 
Sydney. He carried ouf experimenfal work on nuclear defectors and high- 
ly-insulafing windows, as well as fheorefical modelling of fhe inferacfion 
befween fhe economy and fhe environmenf. 

Joy Murray is manager of fhe Technology in Learning and Teaching (TILT) 
and TILT Plus teacher development programs for fhe New South Wales 
Department of Education and Training. Her particular interests are in literacy 
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projecfs relafed fo liferacy and more recenfly, liferacy and technology. 
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